We determined -15 000 laboratoryvalues in 236 indMduais between the ages of 60 and 90 y, 22 indMduais between 90 and 99 y, and 69 individuals 100 y, and compared these with values in young adults. We tested 47 different analytes in the 60-90-y group and 93 analytes in the 90-y group. Na, K, Ci, and CO2 values were either identical or showed minimal change with age; pH decreased slightly. the number ofcentenarians will reach 108 000 (2). Yet, the health-care needs ofindividuals in these age groups are being inadequately met, and concerted efforts to remedy this situation arejust beginning. Deficiencies in the care of the aging population also exist in the field of diagnostic laboratory medicine. Valid laboratory values are essential not only for the early diagnosis of disease, but also for monitoring of the treatment of established diseases. However, studies that include laboratory data from individuals older than 80 y are sparseiy reprosented, even though this age group is the fastest growing segment ofour population. No comprehensive studies are available for centenarians.
down to 2. Individuals had to pass 70% ofthese questions to be found mentally fit. The physical examination included blood pressure measurements and examinations of skin, eyes, ears, nose, throat, neck, chest, heart, abdomen, skeletal muscles, and extremities. Patients also received a brief neurological examination.
which included evaluation of motor skills and cranial nerves, muscle strength, grasp, and senses (light, touch, pinprick, and vibration).
All ages of centenarians were verified through 1900 census information obtained from the Kentucky State Library and the archives of the state capital in Frankfort, KY. All participants in the study signed an informed consent form.
The individuals between ages 60 and 90 y selected for this study were healthy. Individuals 90 y were mentally and physically fit.2 Full health, as defined for studies of reference ranges in young adults, was not always present. The difficulties in establishing health status are compounded by the fact that it is not always easy to distinguish between symptoms of a disease and normal manifestations of aging. In the group of nonagenarians and centenarians, 20 of 92 individuals were 2 Individuals were considered fit ifthey passed the physical and mental examinations and if they were mobile and were not permanently bound to a wheelchair or bed.
completely free of overt disease. The others had some health problems or diseases that were controlled by medication. 3 For the above reasons, we have avoided the use of the term reference ranges for the values found in the aging populations investigated. However, the observed ranges for the individuals included in the study should give a fair guide to the reference range because of the exclusion criteria used. Because of the uncertainty in data associated with deficiencies in the selection of the reference population, it may be safer to evaluate trends in values with age by comparing not only the total range, but also the mean and median. In this way, individual (and possibly inappropriate) values at either end of the range do not distort the findings to the same degree.
Criteria for Excluding Data
Laboratory values for volunteers afflicted with a citeease were eliminated for all analytes known to be affected by such disease. Information found in Tietz (3) was used as a basis for elimination.
Likewise, any values obtained for individuals taking medications were eliminated if these values are known to be affected by such medication (3, 4 Statistical Evaluation AU ranges were determined by calculating the central 95th percentile. The mean and median values, as well as the central 95th percentile, were CalCUlated according to Hays (5) by using Statgraphics Software, version 4.0 (Statistical Graphics Corp., Rockville, MD). The software calculates the 95th percentile by using the nonparametric method based on rank numbers. Outliers were identified by using the range test (6) . For creatine kinase (CK) values for young women and iron values in women 90 y, we also prepared a probability plot that indicated that one data point for CK and two data points Statistical evaluation of all values for young adults determined in our laboratory was performed by the same procedures. No information is available on the statistical basis of the data supplied by manufacturers.
We tested the significance of differences between the central 95th percentiles of the young population and of each of the groups of aging individuals, using the t-test provided by Statgraphics Software, Version 4.0. For the t-test we used the two-sample analysis, which tests the difference of the means and is based on the pooled estimate of the standard deviations, as described in the software manual. The t-test included all data points that were within the central 95th percentile. The P-values are given in the Results section for those analytes with a P-value of <0.01, but we did not include P-values for those analytes where the differences in ranges were too small to have any clinical importance.
The significance test was not performed for those analytes for which we did not have the full database from the reference population;
this applies mainly to those tests that were done by a referral laboratory. This situation can be readily recognized in Table 1 by noting the missing values for n, , and m.
Specimen Collection
All volunteers in the age group 60-90 y had blood specimens drawn in the fasting state. In nonagenariaiis and centenarians, we could not always collect a fasting specimen. In those cases, we attempted to let at least 3 h elapse between the food intake and the spedmen collection. In two cases the interval was only 2.5 h, and for those cases we deleted the glucose and phosphorus values from the database. For C-peptide, insulin, and gastrin, we excluded values from volunteers who had not fasted overnight. Volunteers in all age groups were asked to sit for 20-30 miii before the collection of specimens to minimize the effects of hemoconcentration.
Methods
The methods used to quantify the analytes included in our study are given in Table 1 and its footnotes.
Resufts and DIscussion Electrolytes

Sodium.
The range of sodium values from young adults up to centenarians is surprisingly similar, with the mean of all values being identical (140 mmollL).
Values for the aging population closely match those published by others (7) (8) (9) . The centenarians show a widening ofthe range from 137-144 to 132-146 mmoIIL.
No comparable values for nonagenarians and centenarians have been published.
Potassium.
Values are again similar to those seen in the young adults; however, the means, medians, and Carbon dioxide. The values for the lower reference limit for nonagenarians and centenarians are slightly lower than the value in young adults; however, the mean and median are slightly higher. Reported values for nonagenarians and centenarians may not reflect true CO2 concentrations because some specimens were separated from erythrocytes, stoppered, and transported on ice for several hours before analysis. Dietrich (11) reported increases in CO2 with aging, and attributed these higher values to functional changes in the lungs.
pH. The pH range, median, and mean decrease slightly with age. This downward trend with age was also observed by Shock (12); no systematic change of pH with age was seen by Gillibrand et at. (13) . Although no P-value could be calculated for these data, the difference may be of clinical importance. r::
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. as well as the median and mean for the men in this population, decrease with age (P <0.001). The changes in women are minor. Observed values compare fairly closely with others' reports (8, 18) . The decrease of phosphorus in men with increasing age was also observed by Garry et at. (19) .
Some have speculated that the decrease in phosphofl's may be due to decreased renal tubular reabsorption,
given the higher PTH values observed in this population (18) . However, this interpretation does not explain why women show only a minimal change in phosphorus.
PTH (mid-molecule).
Observed values, median, and mean are considerably higher in individuals >90 than 
Glucose Metabolism
Glucose. We observed a slight but steady increase in glucose values from young adults to centenarians (P <0.001).
An increase of glucose with age was also observed by Landahi et at. (u), Dietrich (11), O'Sullivan (23) , and others.
Giffibrand et at. (13) reported increases of -0.3 mmoLfL (50 mg(L) per decade after age 50 y. Hodkinson (24) suggested that the increase in blood glucose with age appears to be more a pathological manifestation than a physiological one.
Insulin.
The mean value, as well as the range, in- (11) . Gillibrand et at. (13) indicated that women >90 y tend to have lower ALP values than those <90 y. Observed differences may be due in part to procedural differences; our reagent contamed optimal amounts of magnesium and zinc.
The increase in ALP in elderly women is frequently attributed to hormonal changes after menopause (14 Amylase, P-type. The upper limit for P-type amylase was higher for the group 90 y because of three values that exceeded the upper reference limit for young adults. However, the mean value and the lower reference limit decreased markedly with age.
Trypsin. There was a marked increase in the range, mean, and median of trypsin activity with age (P <0.001). The increase in trypsin values observed in our subject population has also been reported by Mohiuddin et at. ( 
Prealbumin (transthyretin).
In male nonagenarians and centenarians, the railge and the mean are lower than inyoungadults (P <0.001). Female nonagenarians and centenarians have a slightly higher upper limit, but the mean is similar to that of young adults. No other studies on prealbumin in centenarians were found.
Albumin.
Albumin values for the 60-to 90-y-old group show a decrease from those of young adults; a further decrease is seen for nonagenarians and cent.enarians (P <0.001). However, the upper limit decreases only slightly whereas the decrease in the lower limit is much more pronounced. This suggests that the albumin values in the aging population may not result from the aging process alone, but may also be attributed to the The limits ofthe range, the mean, and the median are higher in nonagenarians and centenarinns than in the young adult population (P <0.001), except for the upper limit for women. However, the difference is small and may be due to the small sample size. Our findings agree with those ofLyngbye and Kr#{248}ll (44) , who found in the aging population that sex-related differences become smaller with increasing age. Values reported by Jernigan et at. (8) for a population of 64-to 94-y-olds are considerably higher than those found by us or by Lyngbye and Kr#{248}ll (44) . 
Carcinoembiyonic antigen (CEA). Values in individu-
Haptoglobin.
Values in the 60-to 90-y-old population are very simils%r to those found in the young adult population.
In nonagenarians and centenarians the lower and upper limits of the range increased slightly. The mean and median increase in the 60-90-y group and increase further in nonagenarians and centenariens. Our values are much lower than those reported by Lyngbye and I(r#{248}ll (44) for both the young population and the aging population.
Ceruloplasmin. The upper limit for centenarians is slightly lower than that for young adults. The mean and median, however, are slightly higher in the older popu-
lation. Our values compare fairly closely with those
reported by Bunker et at. (45) .
Transferrin.
The highest concentrations were observed in the young adult population. The range, mean, and median decrease with age and are lowest in centsnarians (P <0.001). Values in the elderly population correlated fairly closely with those reported by Mattila et at. (46) , were higher than values reported by Lyngbye and Kr#{216}ll (44) and Milinan et at. (47) , and were lower than those reported by Jacob et at. (48) . No difference in values was seen between sexes.
Complement Factors
Complement
C3. The upper limit of values for C3
decreases with age; however, the mean and median increase slightly for ages 60-90 y and decrease again in the population 90 y (P <0.001). F#{252}lop et at. (14) reported in a population of 60-to 97-y- y. The mean and median are similar for both sexes, but the upper limit ofthe range is higher in women than in men. Our values agree better with those of Lyngbye and Kr#{216}ll (44) than with those of Cohen and Eisdorfer (50), except that some ofour values were lower than those observed by Lyngbye and Kr#{248}ll. Schrier (27) suggested that the increase in IgG and IgA is due to an increased response to antigens or lack of control in the immune system.
Values for 1gM in the population 90 y are lower than those observed in young adults (P <0.001); in both populations the values for men are slightly lower than those for women. Our upper range is lower than that reported by Cohen and Eisdorfer (50) and somewhat higher than values reported by Osterlind et at. (7) Values for triglycerides increased at ages 60-90 y (P <0.001 for women, P <0.05 for men). However, a decrease was observed in very old people, possibly because of decreased absorption. Similar findings were reported by others (51, 52) . Gerry et at. (19) pointed out a large between-subject variance component that is probably related to a combination ofdiet, alcohol consumption, and genetic differences in the population. The authors concluded that the upper limit of triglyceride values may not reflect a desirable upper limit for the reference interval.
Vitamins
Vitamin B12. Jacob et at. (48) found that vitamin C supplementation tended to increase the vitamin B12 concentrations, particularly in men.
Folate.
Serum folate concentrations
decrease at age 60-90 y, as seen in the range, mean, and median. However, in very old people, values in women return toward the young adult range and values in men exceed those of the young adults.
A decrease in elderly people was also seen by Schrijver et at. (54) . These authors, as well as Mattila et at. (46) , reported no difference between folate concentrations and hematological measurements. Jacob et a!. (48) described an increase in folate in vitamin C users, attributing this finding to the maintenance of folic acid in the reduced tetrahydrofolate form.
Trace Metals
Magnesium.
Magnesium concentrations stay fairly constant among the three age groups. There is a small decrease in the upper reference limit with age; however, the mean and median do not change. This observation agrees with the findings of West and Ash (55) , who observed only minor changes for magnesium with aging. Contrary to their findings, however, we saw no differences with gender.
Zinc. The upper and lower limits for zinc, as well as the mean and median, decrease with age. A decrease of zinc concentrations with aging has also been observed by Swanson et al. (56) . Sowers and Felicetta (18) SUggest that the decrease observed with aging may be related to the nutritional status of elderly people, because the principal sources of bioavailable zinc include moreexpensive food items, e.g., meat and seafood. In addition, the increased intake of prescription and over-thecounter medications may contribute to a compromised zinc status. Bunker et at. (45) found that the decrease in zinc in elderly people is not related to the decrease in albumin concentrations.
Copper. Values for serum copper increase with age, but differences in values between old and very old people are relatively minor. There is a definite sex difference, with women having higher values than men (P-values could not be calculated). The difference in sex was also observed by others (48, 55) . The increase of copper with age has also been found by Bunker et at. (45) , and ranges given by Gibson et at. (57) closely match those found in our study.
The higher serum copper values do not seem to reflect a change in total body copper status, in that Bunker et at. (45) found no age-related differences in leukocyte concentrations of copper or ceruloplasmin.
Our findings also showed no correlation between copper and ceruloplasmin concentrations.
Lead. Lead slightly from that for young adults. This change is associated with a slight decrease in the mean but no change in the median. Values in the nonagenarians and centenarians also decrease slightly, but the main decrease is in the mean and median of women. The gender difference present in young adults is absent in elderly adults.
Felicetta and Sowers (58) reported a decrease in basal oxygen consumption thataccompanies the aging procesa. Other authors (1 7, 18) indicate that the production of T4 and triiodothyronine (T3) declines with increasing age, but that there is a concomitant decline in the metabolic clearance rate of T4. Studies on T4 concentrations in elderly people differ greatly; some authors ( (1:400 titer), respectively. However, results of the other thyroid tests for these two volunteers were normal. All thyroid-function tests resuite were deleted from our database if the subject had more than one thyroid abnormality, e.g., increased TSH with decreased T3. Because increases in TSH in elderly people are frequently caused by gland failure due to autoimmune thyroiditis, the exdusion of these individuals in our centenarian study might explain why our values were only slightly increased, compared with the greater increases seen by some others examining elderly people. We did not perform antibody studies in our 60-to 90-y-olds, so some increased values in this group could possibly have been caused by undetected autoimmune disease. 
Pituitary Hormones
Prolactin. Prolactin concentrations in nonagenarians and centenarians increased slightly for men and markedly for women (P <0.001 for both groups); however, the mean for both sexes showed a considerable increase.
Increases in men have also been reported by Gillibrand et at. (13) and Hammond et at. (71) . Sowers and Felicetta (18) found the values in women to be unchanged or slightly decreased, whereas those in men were Unchanged or slightly increased with age. Demers (65) found no change with age. and women (P-value could not be calculated) older than 90 y had FSH concentrations much higher than in the young adult population.
These higher values have also been coniirmed by others (58, (71) (72) (73) . The increase of FSH and LH in men is thought to be the pituitary response to decreased total and free testosterone.
The increase ofFSH in postmenopausal women is thought to be due to the lack of negative feedback of ovarian steroids, and possibly of inhibin, on gonadotropin release (58).
Corticotropin.
We observed no changes in corticotropin concentrations with increasing age and conlirmed the findings of former investigators (58, 74, 75) .
We observed in the men older than 90 y a decrease in free, percent free, bioactive, percent bioactive, and total testosterone. No studies were done on the 60-to 90-y-olds. Similar observations of very old people were made by other investigators (18, 72, 76) were essentially the same as in young adults. Felicetta and Sowers (58) also found the pituitary-adrenal axis well preserved in elderly people, and the circadian pattern of cortisol was the same as in young adults. They also reported that cortisol suppression by dexamethasone is unchanged in elderly people. Mooradian et at. (17) pointed out that production of cortisol decreases with age, but because cortisol exeretion also decreases, these changes tend to balance out. Jensen and Blichert-Toft (74) found no age or sex differences and observed a normal circadian rhythm.
Corticobinding globulin (transcortin).
We observed a drop ofthis hormone-binding globulin in nonagenarians and centenarians, whereas Felicetta and Sowers (58) observed no changes in the elderly population. Besa (84) observed with aging a decline in erythrocyte diphosphoglycerate (2,3-DPG), and suggested that this decline indicates a metabolic decrease in oxygen needs oftissues and that the lower value for 2,3-DPG may also lower the physiological level at which erythropoiesis is initiated ("the thermostat is set at a lower level"). Besa also suggested that the evidence indicated a physiological decrease in bone marrow function as a part of aging, perhaps as an adjustment to the decrease in metabolic demand and tissue requirement for oxygen.
Miscellaneous Tests
A decrease in leukocyte count was observed by Zauber and Zauber (83) in individuals with "excellent health." Zaino (85) found a slight increase in these counts in men, but a slight decrease in women.
Unfortunately, few data are available on platelet counts in the aging population. Jernigan et at. (8) and Lipschitz et at. (86) observed a slight decrease in values; Schrier (27) observed no changes in elderly people.
Hemoglobin.
Our values for nonagenarians and contenarians showed a drop of the lower limit of the reference range, for both sexes, but only a slight docrease in values at the upper limit of the range. This finding agrees with the conclusion reached by Mattila et at. (46) . Other studies (8, 14, 84, 85 ) also showed docreases in hemoglobin. Zauber and Zauber (83) also saw a drop in hemoglobin values, but considered the changes not statistically significant (P >0.0055). Besa (84) has observed that the plasma volume in the aging population is frequently increased, which causes an apparent decrease in hemoglobin and hematocrit. 
